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Abstract

With the capability to improve indoor air quality while simultaneously reduce energy demand,
displacement ventilation is becom ing popular . However the num erical sim ulation of air
distribution in an indoor space with displacem  ent ventilation usin g com putational fluid
dynamics (CFD) is challenging due to the com  plexity of air dif fuser geom etry and the
complicated airflow pattern gene rated. Typical air diffusers used for displacement ventilation
systems include, but not lim ited to, quarter -circular-perforated, grille, floor -perforated, and
swirl diffusers. None of them can be treated as a simple opening in CFD sim ulations because
their effective area ratios are small. This investigation has developed a new, simple method to
describe those diffusers by directly specifying correct jet momentum from the diffusers while
adjusting the airflow rate by changing the ef fective areas. This is done by setting som e CFD
cells for a dif fuser with a certain mom entum, while other cells are random ly blocked. By
implementing this m ethod into a commercial C FD program, this study used the m ethod to
simulate air distributions in an of fice and a workshop with those dif fusers under cooling or
heating conditions. The distributio ns of air v elocity, tem perature, and airborn e contaminant
concentration are in good agreem ent with the corresponding experi mental data obtained from
an environmental chamber.

Practical implications

This paper presents a sim  plified m ethod for description of com plex dif fusers in CF D
simulation of displace ment ventilation at hig h com putational efficiency. It can be used to
assist design and analysis of air distribution for displacement ventilation as well as other types
of ventilation with complex diffusers.

Introduction

Numerous studies have revealed that displa cement ventilation can provide better indoor air
quality than the trad itional mixing ventilation systems (Chen and Glicksman, 2003; Baum an
and Daly, 2003 ). Some studies (H uetal.,, 1999; Lau and Chen, 2006; W achenfeldt et al.,
2007) have also shown that d isplacement ventilation has hig her energy efficiency that could
lead to reduction of ener gy demand by the he ating, ventilating and ai r-conditioning (HVAC)
systems. Thus, displacement ventilation has gained great popularity in building industry since



it was first used in Europe in the 1970s. Due  to the wide use of di splacement ve ntilation,
ASHRAE (the Am erican Society of Heating, Refrigerating and Air -Conditioning Engineers;
Chen and Glicksm an, 2003; Baum an and Da ly, 2003) and REHV A (the Federation of
European Heating and Air -Conditioning Associ ations; 2002) have de veloped respectively
design guidelines of displacement ventilation for designers.

In order to assess the p erformance of displ acement ventilation, both experim ental test and
numerical simulation by com putational fluid dynamics (CFD) m odeling have been widely
used (Rif fat et al., 2004). CFD simulation of displacement ventilation can provide very
detailed inf ormation of the system perfor mance atam uch lower cost com pared with
experimental tests. As identified in m any studies (Huo et al., 2000; Sun and Sm  ith, 2005;
Einberg et al., 2005; Srebric and Chen, 2000, 2002),  correct description of air dif fusers in
CFD plays a critical role in accu rate simulation of air distribution in an indoor space because
the flow characteristics from the dif fusers usually dom inate airflow in an indoor space.
However, the appropriate description of air dif fusers used in displacement ventilation is very
difficult in CFD. Most commonly-used dif ~ fusers in disp lacement ventilation have very
complicated geometry, such as a quarter -circular-perforated, grille, fl oor-perforated and swirl
diffusers as shown in Figure 1. The m ajor obstacle for CFD sim ulation lies in the fact that
such a diffuser has a relatively sm all size as co mpared to that of an indoor space but usually
has stronger m omentum (Srebric and Chen, 2000, 2002). It is not feasible to use tens of
thousands of grid cells for calculating indoor airflow from the diffuser. How to use a few grid
cells to accurately simulate such com plex dif fusers is a b ottleneck for CFD analysis of a
ventilated space with displacement ventilation (Srebric and Chen, 2002). Therefore, this paper
details our effort to develop a new simple m ethod to describe those dif fusers of displacement
ventilation systems for CFD simulations.

A brief review of diffuser description in CFD simulations

Many attempts have been carried out on CFD si mulation of dif fusers. Available approaches
can be generally categorized into the direct description, simplified geometry, box, momentum,
and prescribed velocity methods.

The direct description method draws the actual ge ometry of a complex diffuser without using
approximations. Thus the simulation domain is usually required to extend to include a section
of duct outside of the dif fuser, where the dete rmination of boundary conditions is easier . Hu
(2003) used this m ethod to sim ulate a swirl ceiling d iffuser. Xu and Niu (2003) did sim 1ilar
work but for a floor supply dif fuser. Since an actual diffuser may have com plex geometries
such as louvers, vanes, perforated holes, or  curving surfaces, the dr awing of complicated

geometries and the ass ociated mesh generation in CFD m ay not be easy . Some researchers
(Fontaine et al., 2005) pointed out that the dire ct description method may impose difficulties
in achieving numerical convergence because of huge dif ference in mesh size for the dif fuser
and the ind oor space. On one hand, due to th e relatively small size of a dif fuser compared
with an ind oor space and often the com plicated airflow pattern from the diffuser, the meshes
employed for the dif fuser should be suf ficiently fine to capture the flow characteristics. O n



the other hand, to minimize computational burden, relatively coarse meshes should be used in
the rest regions of the space. Even with im provement of computing speed and capacity at
present, the computational demand is not trivial with ultra fine meshes for diffusers. Therefore,
the direct description method has not gained popularity.

Instead of drawing the actual geom  etry of a dif fuser, the sim plified geom etry m ethod
approximates the openings to sim plified altern atives with the sam e ef fective ar eas. This
method is also called the basic m odel method (Heikkinen, 1991) or the conventional m ethod
(Huo et al., 2000). Heikkinen (1991) used th is m ethod to sim ulate a com plex dif fuser
composed of 84 round nozzles by approxim ating them into slot openings. Zhao et al. (2003)
also used th is method to sim ulate a wall-m ounted perforated, a grille, and a square-ceiling
diffuser, res pectively, w here the perforated and grille diffusers were approxim ated into one
opening while the square ceiling dif fuser was simplified into nine openings. Sun and Sm ith
(2005) simulated a square cone diffuser by simplifying it into nine pieces, where the discharge
velocities and direction s at each piece were determ ined by a separa te simulation just for a
volumetric region including the end of duct, diffuser and a small part of the room surrounding
the diffuser. Djunaedy and Cheong (2002) proposed five schemes to model a four-way ceiling
diffuser by changing the shapes and positions of  openings to for m the ef fective dischar ge
areas. Bin and Sekhar (2007) also used the scheme recommended by Djunaedy and Cheong
(2002) to study a ceiling diffuser. Although the above researchers have achieved considerably
reasonable results, this appro ach has poor perform ance for non-isotherm al flows (Chen and
Moser, 1991) especially for dif fusers with sm all effective area ratios (Emvin and Davidson,
1996), and even can lead to wrong results som etimes (Kurabuchi et al., 1 989). In addition, it
is hard to reach an agreem ent on how to simp lify dif fuser geom etry with this ap proach.
Therefore, in spite of simplicity of the simplified geometry method, the success is not assured.

The box method does not specify flow and thermal boundary conditions on a diffuser. Instead,
it determines flow and therm al conditions on im aginary surfaces of a box surroun ding the
diffuser in an indoor space (Nielsen, 1997). Thus ,theroleofad iffuserinaroom is
transferred to the defined box. Since the flow and therm al conditions on the im aginary
surfaces of the box are unknown, they are m easured to make CFD simulation viable. Kotani
et al. (2002) used the bo x method to simulate a multi-cone ceiling diffuser and concluded the
validity of this m ethod after co mparing the results with the experimental data. Emvin and
Davidson (1996) also obtained sim ilar conclusions. It should point out that the determination
of thermal and flow conditions on th e imaginary surfaces of the box is not easy. Furthermore,
some researchers (Xu and Niu, 2003) found that the box method is not suitable for flows at
low Reynolds num bers, which are usually th e cases in displacem ent ventilation because th e
jet flow decays rapidly. In addition, the criteria to determine the box size seems contradictory,
since on one hand the box size should be lar ge enough to m ake the box boundary lie in the
fully developed regions of the jets, and on th e other hand the box should be as sm  all as
possible to minimize the impact of room conditions to the jets (Srebric and Chen, 2000).

The challen ges in simulating a dif fuser by CF D do not o nly lie in the com plexity of the
diffuser geometry but also in how to specify correctly flow conditions to satisfy both the mass



and moment equations. The sim plification of a dif fuser into one opening in the same size of
the diffuser leads to problems since the effective area ratio is usually small. For example, if a
diffuser is approxim ated into one opening  with correct m ass flow rate, the induction
momentum by the jet will be m uch smaller than the reality . The m omentum method (Chen
and Moser, 1991) was thus proposed to rem edy the problem by specifying different velocities
for the continuity and mom entum equations on a dif fuser. The m omentum method is also
called as the m omentum method at air supply devices (Srebric and Ch en, 2002). Chen et al.
(1991) and Jiang et al. (1992) applied the m omentum method to simulate complex diffusers
for mixing and displacement ventilations. Srebric and Chen (2002) compared the bo x method
and the m omentum m ethod in sim ulating eight typical dif fusers and concluded that the
momentum method should be used whenever possible due to its simplicity. Since the velocity
used for the continuity equation is dif  ferent from that for the m omentum equation, some
researchers (Xu and Niu, 2003; Ku rabuchi et al., 1989) claim ed that the m omentum is not
conserved. Furtherm ore, not all the comm ercial CFD software can use the m  ethod for a
diffuser.

The prescribed velocity method uses a simple opening that has the same size as a diffuser. By
using correct mass flow rate for the diffuser the air velocity will be smaller than that from the
actual open ing because the ef fective area ratio is sm aller than one for most dif fusers. The
method compensates for m omentum by prescribing the actual, higher air velocity profile in a
small distance at the dif fuser front. The profile could be measurement data or be determ ined
by using jet for mulae. This m ethod is also cal led as the mom entum method in front of air
supply devices (Srebric and Chen, 2002). Theore tically, there is no substantial dif ference
between the m omentum method and the prescrib ed velocity m ethod, because both m ethods
define the actual m ass flow ra te at th e dif fuser open ing and then com pensate for the
momentum loss. The mom entum m ethod compen sates at the dif fuser surface while the
prescribed velocity method does it at a distance in front of the dif fuser. Koskela (2004) used
the prescribed velocity m ethod to sim ulate a nozzle dif fuser. Huo et al. (2000) used jet
formulae for the prescribed velocity method to simulate a ceiling supply diffuser. Einberg et al.
(2005) used the method to simulate an industrial air diffuser composed by a combination of a
circular displacement diffuser and a multi-con e diffuser at the bottom part. The dis placement
diffuser was used for air discharge at low velocities, while the multi-cone diffuser allowed for
high velocity discharge. Luo and Roux (2004) a nd Luo et al. (2004) also applied this m ethod
to add extra m omentum to simulate nozzle arrays. Fontaine et al (2005) com pared the direct
description method, the simplified geometry method, and the prescribed velocity method for a
circular ceiling dif fuser and c oncluded that the prescribed ve locity method performed best.
Due to lack of general for mulae in predicting jet flow, the prescribed velocity m ethod often
requires the velocity profile to be m easured. Furtherm ore, the m ethod may alter the actua 1
flow conditions near a dif fuser with the addi tional momentum artificially added in to the jet
discharge region.

The above review reveals that among the five available methods in describing air diffusers for
CFD si mulations, the direct description m ethod requires very fine m eshes to describe the
diffuser so that the com puting cost is high and it may have num erical convergence problem.



The simplified geometry method would work for some diffusers but the results are often not
accurate. The box and prescribed velocity m ethods can only be applied with m easured flow
data. The mom entum method is not conserved and is only available for som e special CFD
software. Therefore, this investigation tries to remedy the problems.

A new simplified method for describing a complex diffuser for CFD simulations

CFD simulation of air d iffusers needs to specify correct flow, thermal and species conditions

on them, especially accurate flow conditions to assure correct momentum and mass flow rate.

The discharge velocity for the dif fusers shown in Figure 1 is norm al to the dif fuser surfaces

except that for the swirl diffuser where both axial and tangential velocity components co-exist.
Actual discharge velocity should be specified as CFD boundary conditions for the dif fusers.
However, the mass flow rates will be over specified if these diffusers are simply approximated
into full openings without changing the size. The sim plification of the dif fusers into sever al
openings with reduced size using the sim plified geometry method may not work either, since

it is hard to distribute these openings at appropriate positions to accurately represent the actual
flow conditions.

This paper proposed to specify flow conditions on CFD cells of simplified diffuser geometry.
The new method assigns the actua | velocities on a certain ratio of CFD cells while the other
cells are random ly blocked. According to the m ass conservation principl e, the ratiotob e
treated as openings should be equal to the effective area ratio of the diffuser. Figure 2 shows
the randomly open and blocked cells for the four diffusers in disp lacement ventilation. This
method uses the following random mathematical function to determine if a CFD cell is open,

random(i) > & (1)

where random(i) is am athematical function to ge nerate a random float num ber evenly
distributed between 0 and 1, i is an integral seed and is also the CFD cell index ranging from
1 to N (the maximum CFD cell number), ¢is the effective area ratio of the diffuser. If NV is not
too small, the percentage of open cells should be close to the diffuser effective area ratio. It is
important to ensure that the CFD ¢ ell number for a dif fuser, N, is lar ge enough to obtain
grid-independent results. The grid-independenc e check shall guaran tee m ajor flow features
have been captured and more crucially the ratio of open cells is equal to &. Otherwise, a larger
N is required.

The most important boundary conditions to be determ ined on a diffuser in CFD simulation is

the discharge air velocity. The velocity can be determined by the following formula if the flow
is uniform on the diffuser surfaces,

Uy=—r (2



where, Uy is the normal discharge velocity, 1 is the mass flow rate, pis the air density, and

Ay is the dif fuser effective area. If any of ai rflow rate, dischar ge angles, dif fuser geometry
parameters and turbulence intensity are unknown fr om design, they should be determ ined by
experimental m easurements. W hen a d iffuser di scharges flow in dif ferent directions, the
diffuser conditions have to be m easured and m odeled with at least tw o velocity components,
such as a swirl dif fuser. For a very com plicated dif fuser, this m ethod shall be used after
dividing the diffuser into several simple pieces.

Since comm ercial CFD software such as FLUENT  (http ://www.fluent.com) provides very
friendly user interface for programm  ing, th e specification of dischar  ge velocity and
open/blocked CFD cells are relatively easy.

Case description

In order to test the new m  ethod for dif fuser description, this paper has inve stigated four
indoor spaces with displacement ventilation as shown in Figure 3. An environmental chamber
that was 4.92 m in length, 4.32 m in width, and 2.42 m in height was used to sim ulate these
four cases. Detailed ex perimental m easurements were con ducted in the cham ber to obtain

quality data for validatin g the new method. The dif fusers used in these spaces were the sam e
as those shown in Figs. 1 and 2. The diffusers supplied cool/warm air to the indoor spaces.

In cases (a) and (b), the office had a file cabinet in one corner of the room and two tables and
desk computers in the other two corners. Six fluorescent lamps were mounted at the ceiling to
provide illumination for the of fice. Two occupants simulated by box-shaped m anikins were
seated sedentarily in front of the tables. Only one contaminant source m imicked by a tracer
gas, sulfur hexafluoride (SF ¢), was introdu ced to the head level of an o ccupant. Both cases
were for cooling.

Case (c) was a workshop with four persons doi ng assembling work inside. Four heated boxes
on the tables were used to m imic t he heat gen eration from the assemble lines. Again, a
contaminant source was introduced to the head level of one seated person and the case was for
cooling.

Case (d) was an of fice with th ree chilled windows on one side wall that mimicked a win ter
scenario. W arm air was supplied through the two swirl dif fuser to keep a therm  ally
comfortable condition.

Table 1 shows the boundary conditions for flow, heat and species in thes e four indoor spaces.
The two swirl diffusers supplied warm air at different temperatures in the experiment.

The experiment measured the distributions of air velocity, temperature and SF¢ concentration.
Many hot sphere anemom eters were mounted at different heights in the cham ber to m easure



the vertical profiles of air veloc ity and tem perature at nine dif ferent locations as shown in
Figure 4. The accuracy of the anemometers for velocity was 0.02 m/s with 1% error, and for
air temperature was 0.2 °C with 1% error. Due to the conv ection generated from the sensors,
there were uncertainties when the velocity was lower than 0.20 m /s. T wo m ore accurate
ultrasonic anem ometers were applied to m  easure the d ischarge air velocities f rom the
diffusers. The accuracy of the ultrasonic anemometers for velocity components was 0.005 m/s
with 1% error. A photo acoustic, multi-gas m onitor with a m ulti-point sampler was used to
measure SF¢ concentrations. The accuracy of th e tracer-gas measurements was 0.01 ppm and
the repeatability was 1% of the measured values.

The CFD solved the following Reynolds-averaged Navier-Stokes (RANS) equations,

AL 1 (pii Vg =T, 45, ()
where ¢is a dummy scalar v ariable, zistime, u is the v elocity vector, I'yis the ef fective
diffusion coef ficient, and S 41s the source term. The above equatio n can represent th e
continuity, mom entum, ener gy, contam inant con centration, turbulent kinetic ener gy and its
dissipation rate equations by assigning dif ferent values to the dummy variable @. The
Re-Normalization Group (RNG) k-£model (Yakhot et al., 1992) was used due to its stable
performance (Zhang et al., 2007).  The dif ferential equations we re solved with the finite
volume method by dividing the domain into many spatial cells with the SIMPLE algorithm.

This study used GAMBIT to build the geom etry domain of the four cases and generated the
cells f or CFD sim ulation. Both ¢ ombined str uctured (hexahedral grids) and unstructured
(tetrahedral grids) m eshes were cre ated in all cases using the T et/Hybrid scheme with Hex
core. Grid distance near the dif fuser is around 0.005 m and then gradually changes into 0.08
m when approaches th e core reg ion of the do main. Slight dif ferences exist am ong the four
cases. The cell num bers for case (a), (b), (c)and (d)are 247k, 226k, 383 k, 282k,
respectively.

Table 1 lists the total heat release rate from all heat sources and the average tem perature for
the heated surfaces. The CFD m odeling did not include radiation in this paper. Since air is
almost trans parent, it d oes not abs orb radiativ e rays. But radiation heat transfer did occur
between so lid wall surf aces and th us can af fect air tem perature distribution throu gh solid
walls. Hence, convective heat was used as input in CFD modeling and the ratio of convective
and radiativ e heat for heat sources wa s estim ated according to ASHRAE Handbook -
Fundamentals (ASHRAE, 2005). It was possibl e by directly specif ying the m easured
temperature conditions for these heat sources. However, the surface temperature was not very
uniform. Our experience shows that it is better to specify convective heat transfer fluxes.



Results and discussions
The office with a corner-mounted, quarter-circular perforated diffuser

The disch arge airflow from the quarter -circular-perforated dif fuser was quite uniform. The
measured average discharge velocity from the diffuser was 0.28 m/s and the total volum etric
rate was 0.065 m */s. According to the dif fuser effective area ratio, around one third of CFD
cells were blocked random ly to employ the above velo city and vo lumetric flow rate on the
diffuser as shown in Figure 2a. The random function method was only called before the CFD
iteration to set inlet boun dary conditions and then they we re kept unchanged until reaching a
converged solution.

Figure 5 shows the vertical profiles of air velocity, temperature and SF¢ concentration, where
Z =0 1s at the floor level and Z = 2.42 m is at the ceiling level. Due to limited space available,
this paper only presents the results at f our representative p ositions (P3, P5, P6 an dP9)as
shown in Figure 4a. Air velocities were genera lly low (les s than 0.15 m/s). The com puted
results were in good agreem ent with the m easured data. The velocities at the low part of
position 3, 5 and 6 were lar ger than the upper part caused by the jet fr om the dif fuser. The
flow path lines from Figure 6 show ed clearly how the jet was dischar ged on the f'loor level.
Since when the new m ethod describing the dif fuser it did not alter the geom etry nor adde d
extra momentum source, the sim ulated discharge jets flowed smoothly on the floor as can be
seen in Figure 6. Because positions 5 and 9 were farther aw ay from the diffuser as compared
with positions 3 and 6, the jet im pact to thes e two locations (positions 5 and 9) wa s much
weaker so that the velocities were low at the floor level.

The computed air tem perature profiles are in excellent agreement with the m easured ones as
shown in Figure 5b. T he jet im pact from the di ffuser could also b e reflected in the air
temperature profiles. In this cas e, the f loor was warm er than the air next toit. ~ The air
temperatures at positions 3 and 6 were slightly lower than those in positions 5 and 9.

The SF ¢ concentration profiles computed by CFD are in reason able agreem ent with thos e
measured as can be seen in Figure 5c. The agreem ent at positions 3 and 9 was better than that
at positions 5 and 6. Since positi on 6 was in the vicinity of the SF ¢ source, the con centration
at the upper part was higher . The concentrat ion at position 9 was uniform because this
location was far away from the source. Sim ilar to air tem perature str atification, the SF ¢
concentration was also stratified.

The office with two floor-grille diffusers

The grille dif  fusers had m  uch sm aller dischar ge areasas  com pared with the
quarter-circular-perforated dif fuser. The f low from the two grille diffusers in this test was
highly non-uniform, due to the dif fuser inside structure as shown in Figure 7a. The air was
supplied from the under-floor plenum to one side of the diffuser and then was sent upwards to
the room by the baffler. Figure 7b shows the normal velocity at the supply surface m easured



at nine positions. The flow distribution from the two grille diffusers was almost identical. The
measured volum etric airflow rate was 0.077 m “/s. The ef fective area ratio was 80%, thus
about 20% of the CFD cells were blocked as shown in Figure 2b.

Figure 8 co mpares the CFD results with m easured data at f our representative positions (P1,
PS5, P7 and P9) as shown in Figure 4b. The ai  r velocity was genera lly lower than 0.15 m /s
except at regions close to the dif fusers (such as position 7). The difference between CFD and
measured air velocity w as significant at 0.1 m above the floor at position 7. This is in the
recirculation region of the dif  fuser with ve ry high turbu lence. Both the com puted and
measured velocities had a great uncertainty . Otherwise, the agreement between the simulated
and measured air velocities is reasonably good.

Air tem perature s tratification can be observed in Figure 8b . The stratif ication at p osition 7
was more evident sin ce this loca tion was close to the dif fuser that supplied cool air . The
agreement was excellent between the computed and measured air temperatures.

The SF ¢ ¢ oncentration was also stra  tified as il lustrated in Figur e 8c. Atpo sition 1,
concentration reach ed its peak ataround Z=1.7m, which was predicted well by CFD
simulation. Although position 7 was close to the diffuser, the concentrations were high at the
upper part. This is because the jet throw was not able to reach the upper part of the room and
thus SF¢ could stay in this region. Such could also be explained by jet flow path lines from
Figure 9. T he jets from the dif fuser went upw ard a little bit and then dropped down to the
floor level due to higher density of the cool air. The agreem ent between the computed and
measured concentration profiles was reasonably good.

The workshop with four floor-perforated-panel diffusers

The workshop with the four floor -perforated-panel diffusers was slightly dif ferent from the
previous two cases. The workshop had lar ger cooling demand and thus higher air flow rates
than the of fice. However, the d ischarge velocity from the perforated panels was quite low
since the total air supp ly area of th e perforated panels was large. The norm al velocity was
0.19 m /s on the panel and the vol  umetric flow rate was 0.12 m  */s. The CFD sim ulation
blocked one third of CFD cells as shown in Figure 2c according to the effective area ratio.

As shown in Figure 10a, the air velocity in th e workshop was lower than 0.1 m /s at the four
representative positions (P1, P3, P4, and P8 in Figure 4c) si nce the air was supplied to the
workshop at low m omentum. As mentioned pr eviously, the om ni-directional anemom eters
had a great uncertainty at this low velocity because the false velocity caused by convection
from the heated probes was in the sam e order. Nevertheless, the com puted velocities agreed
reasonably with the measured ones.

Air temperature stratification with 20 °C at the floor and 27 °C at the ceiling in the workshop
as shown in Figure 10b was stro nger than that in th e office. The tem perature gradient was
beyond the comfort criterion recomm ended by ASHRAE ( 2004). Anyway, the occupants



inside were doing assembling work and thus m ight tolerate a strong temper ate stratification.
Again, the agreement is very good between the computed and measured air temperatures.

The computed SF ¢ concentration profiles are in  excelle nt agreem ent with the experim ental
data as shown in Figure 10c. The SF¢ concentration stratification can also be observed. Higher
SF¢ concentration was found in the upper part of the room (Z>1.6 m), because th e weak jet
throw did not mix the room air well. Figure 11 illustrates the jet flow path lines, where the jet
was clearly weak. Since position 3 was in proxim ity of the SF¢ source, the concentration at
the upper part was very high.

The office with two swirl diffusers

Swirl diffusers are p robably the most com plicated dif fusers one norm ally encounters in an
indoor space. A swirl dif fuser dischar ges jets axially and tangentially . This investigation
measured both the velocity co mponents with the ultrasonic an emometers for specifying flow
conditions in CFD. The flow from the two sw irl diffusers was not the sam e. The axial and
tangential velocities were 1.16 m/s and 0.67 m/s, respectively, at the diffuser near the cabinet.
Whilst, the velocities were 1.98 m /s for the ax ial direction and 1.14 m /s for the tangential
direction, respectively, at the other dif fuser. According to the effective area ratio, one third of
CFD cells were blocked as shown in Figure 2d to describe the two diffusers.

Figure 12 com pares the CFD result s with the m easured data at four representative positions
(P2, P5, P6 and P8 show in Figure 4d). The air velocity was low except at position 8 that was
close to the dif fuser. The high ve locity in the m iddle part of position 8 can also be observed
through jet path lines in Figure 13, where the jet rota ted upwards and spread to its proxim ity.
It should be noted that warm air was supplied through the swirl dif fusers. The warm jet with
low air density went upwards due to buoyancy. The air velocity at the floor level of positions
5 and 6 was high, due to the downward draft caused by the chilled windows. The com puted
air velocity profiles are similar to the measured ones.

The air temperature distribution was uniform as can be seen in Figure 12b except near flo or
level. The uniform distribution was caused by the well m ixing from the diffusers with warm
air. Since this was a heating condition with low air temperature around, the heat was
transferred to all the en velope surfaces. The agreement between the co mputed and m easured
air temperature was not as good as those in the previous three cases under cooling conditions,
but still acceptable for thermal comfort study.

Since the SF ¢ was released from a  single point, its concentration distribution was not as
uniform as the air tem perature as shown in Figure 12c. The calcu  lated SF ¢ concentra tion
profiles were not in as good agreem ent as the air temperature with the m easured data. The
reason is probably due to the single point source and unstable f low that made the
measurements difficult. Our experience in other studies (Yuan et al., 1999) has also concluded
that it is m uch harder to obtain good agreement for SF ¢ concentration than that for air
temperature.



The com parison of com puted and m easured air velo city, air temperature, and SF 6
concentration shows good agreement in the above four test cases. This may conclude that the
diffusers simulated by the new m ethod proposed in this paper could give suf ficiently good
flow conditions for calculating room air distributions.

In addition, the investig ation also tested the random feature of the proposed m ethod and the
effect of dif ferent CFD cell num bers employed for a dif fuser. The results show if both m ass
and momentum parameters at diffuser surface were close to the actuality, their influence to air
distribution in the occupied zone was very m inimal. But som e differences occurred within a
very small region near the dif fuser due to random change of open/blocked local CFD cells at

different runs. Therefore the com parison between numerical simulation and measurement has
indirectly proved the validity of the new m ethod for describing the four com plex diffusers
used in displacement ventilation especially in occupied zones.

Conclusions

This paper proposed a new , simple method to describe complex diffusers for displacem ent
ventilation. It randomly blocks a few CFD cells for flow accord ing to the effective area ratio
of a diffuser to satisfy both mass flow and momentum consistency from the diffuser.

Then the method was indirectly validated by applying it with CFD to investigate four
commonly-used dif fusers for disp lacement ve ntilation under cooling or heating co nditions.
The air velocity , air temperatur e, and contam inant con centration profiles cal culated by th e
CFD was compared with the corresponding m easurement data obtained in an environm ental
chamber. Our results show that the new m ethod is capable of describing the
quarter-circular-perforated, grille, floor -perforated, and swirl dif fusers under good agreem ent
in com puted profiles with the m easured ones. The new method is better for dif fusers with
large supply areas such as the quarter -circular-perforated and the floor -perforated diffusers
since their discharge flows are more uniform and stable, which are also easier to model.
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Table 1. Boundary conditions for the displacement ventilation with four different types of diffusers

Cases (a) (b) (©) (d)
Diffuser types quarter-circular rille perforated anel swirl
P perforated gep P
Air change rate per
4.57 541 8.62 4.09
hour (ACH)
) o o o 26.9°C/29.9
Supply air temperature 19.0 °C 20.1 C 19.0 C oc
Exhaust air o o A o o
26.2°C25.4 C 26. C254 C
temperature
SF¢ concentration at
0.18 ppm 0.17 ppm 0.20 ppm 0.22 ppm
the supply
SF¢ concentration at
0.95 ppm 0.82 ppm 0.88 ppm 1.08 ppm
the exhaust
Sensible heat
production rate by each 5 W 5 W 200 W 5W
occupant
Heat production rate by
100 W 100 W 100 W 100 W
each PC or heated box
Heat production rate by
64 W 64 W 64 W 64 W

each lamp
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Fig. 1. Common diffusers used in displacement ventilation: (a) corner-

perforated diffuse

Fig. 2. Schematics of the new CFD description method of the four commonly-used diffusers where



black cells are blocked and white cells are open: (a) corner-mounted, quarter-circular perforated
diffuser, (b) grille diffuser; (c) floor-perforated panel diffuser,; and (d) swirl diffuser.
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Fig. 3. Layouts of four displacement ventilation cases with (a) a corner-mounted, quarter-circular
perforated diffuser; (b) two floor-grille diffusers; (c) four floor-perforated-panel diffusers, or (d) two
Sfloor-swirl diffusers.
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Fig. 5. Comparison of the vertical profiles in four representative locations by CFD and by experiment

for the office with the quarter-circular-perforated diffuser, lines for CFD and symbols for experiment:
(a) air velocity; (b) air temperature; and (c) SFs concentration.
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Fig. 6. Flow path lines from the quarter-circular-perforated diffuser.
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Fig. 11. Flow path lines from the perforated panel diffuser
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Fig. 12. Comparison of the vertical profiles in four representative locations by CFD and by
experiment for the office with the two swirl diffusers, lines for CFD and symbols for experiment: (a)
air velocity,; (b) air temperature; and (c) SFs concentration.
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Fig. 13. Flow path lines from the swirl diffuser under heating condition



